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BACKGROUND  OF THE I NVENTION 1. Field of the Invention This invention
relates generally to mcroelectronics fabrications and, in particular, to
met hods of form ng conducting interconnect structures that are protected
from diffusion of chenical species into and out of surrddfdewd 2t erial s.
2. Description of the Related Art As the structures conprising integrated
m croel ectronic circuitry continue to decrease in size, the conducting

i nt erconnects between them decrease in size as well. Smaller conducting

i nt erconn d_qf ri i i C ctivity and
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(Cu), with twice the conductjivity of alumnumand three tines the
conductivity of tungsten, agYPﬁéNert%QpBINWT%hoi ce. Unfortunately, copper
has been found to contam nate 1 25 August 2004 many of the materials used
inintegrated circuit fabrication8 so special care nust be taken to keep
it frommagrating into surrounding regions. Several nethods have been

devel oped to priowpd&heonbulibashetiuptafZhooderShdeg dbing Sdnglkas conduct i ng | eads
and interconnects. Chief anong these is the prior formation of

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to microelectronics fabrications and,' in particular,
to methods of forming conducting interconnect structures that are protected from

diffusion of chemical species into and out of surrounding materials.
2. Description of the Related Art

| As the structures comprising integrated microelectronic circuitry continue to
decrease in size, the conducting interconnects between them decrease in size as well,
Smaller conducting interconnects must be composed of materials with higher
conductivity and greater mechanical integrity, which presently favors the use of copper
(Cu), with twice the conductivity of aluminum and three times the conductivity of

tungsten, as the material of choice. Unfortunately, copper has been found to contaminate



diffusion barriers and liner layers within the trenches and vias into which
the copper is subsequently deposited. Copper inlays surrounded by |ayers

of other metals and their conmpounds such as tungsten, tantalum nolybdenum
and titaniumnitride, are called copper danmascene structuresblAlthough t he
damascene process is an inportant step forward in form ng_viable copper
interconnegts, it does hacg probl ens associated with it aﬁfﬁﬁuﬁﬁ@94be

addressed. .The barrier layer may itself be subject to degradation from

sur r oundi [ - harrier . 4 not here well.to,the copper

or to thehﬂlgﬁrmra%cl)lgrlllll I ﬁgdsrrdagtg (gll’nl LgfegF a'ﬁ?emlc a(r?E[rhlng?t ¥qn§ysé)r8%§rlcéé;l Cglgvné?%g? ;g?kgl?fect t he

contact between.the.interconnect and ot her conducting |ayers. The barrier

| ayer ma?/O ]f)eeepéﬁq? Tl PEI]?%IH Oa%lﬁogg‘?lgg{}ﬁgf%st he requisite thinness in small

trenches and yias. Wt egard to the affect of surrounding materials on
o8l ol bifiPese o

the barrier |8y&f? %68 dptsioned fp Bovide sartainmest otieqpes dagasiied al s such
as anor phous . fluorinated carbon, PTFE, fluorinated polyimde and

f1 uori nafderndpetingdpada apg indracqmects phisbamese theseriythg paiar Ssmptianedf] ayer
dielectrics because their low dielectric constants (lowk) tend to reduce
par asi t i 8iffigpadarencaddmenlasers wathihthe trendnes ambiviet infigvhicinge cappkr isvi as.  Wien
fluorinated materials are subjected to high tenperature processing (above
300 C), witisedquenty defositedc dinpper intays hieranodeal Bxlafabof athérinnals aikies of
integrated microelectronic circuitry, the fluorine tends to out-diffuse

into prevorapsings Sehos tingste?, (2falAtigholybabiidn skt @bhil @iE £6 cdlRyer s and form
nmetallic fluoride conmpounds (eg., fluorine diffusing into tantalumforns

t ant al umcbppepaiti@centafthetuitiese conpounds degrade the adhesion and
integrity Qf the metallic layers and lead to their del am nation.
Although the damascene process is an important step forward in forming viable
copper interconnects, it does have problems associated with it which must be addressed.
The barrier layer may itself be subject to degradation from surrounding materials. The
barrier layer may not adhere well to the copper or to the surrounding material. The
Earrier layer may adversely affect the contact between the interconnect and other
conducting layers. The barrier layer may be difficult to fabricate with the requisite
thinness in small trenches and vias. With regard to the affect of surrounding materials on
the barrier layer, it should be pointed out that ﬂuorinated materials such as amorphous
- fluorinated carbon, PTFE, fluorinated polyimide and fluorinated silicon dioxide are
presently being used as interlayer dielectrics because their low dielectric constants
(low-k) tend to reduce parasitic cap_acitance between neighboring conducting lines and
vias. When fluorinated materials are subjected to high temperature processing (above

300° C), which is quite common in the complex fabrication schemes of integrated

microelectronic circuitry, the fluorine tends to out-diffuse into previously deposited



Several of the aforenentioned probl ens have been addressed by recent

i nventions. Nguyen et al (U S. Patent No. 5, 904,565) teach a danascene
process which allows a direct copper to copper connection between vias on
different but contiguous Ilevels of an integrated circuit. Their method

i nvol ves renoval of the bottomportion of the barrier layer with an

ani sotropi c etch, so that the copper inlay is put into dlPddgu#dRbhct with
t he upper portion of the copper inlay on the level belowit. Teong (U S.

Pat ent i . e alternative t hod §or. sqlwving.the sanme
doubl e Ml OB erd FRIPER pR R, AROR e BalEh L5 L Ep S SR ald® o
enhance the.connecti operties.._lquchi et al (U . _Pat.ent

5, 744, 39%)“%‘552% t?ﬁ@ﬁ@%@@ﬁe"ﬁir%ﬁ%ﬁé@???iﬁ’dédeé@qeitg%a‘g‘?m?? istors in
an integrated circuit fabprication wherein the interconnection |layer is
connect edhteBity Abthe metalliciagss apdilead gribgir delpmmefion.ayer whi ch can be forned of
any one of a nunber of netals or their conpounds. Stolneijer (U S. Patent
No. 5, 834, 845evcsai ohts afporementinpgd problemsdrave beenrgdrgssed by ir¢cevtel i nt er connect
structure conposed of simlar patterned netal |ayers as buil ding bl ocks.
These bl ouvkstiense Nghpen ¢t ah(ié St BakettyNa. (Frilj9156h) wach adanmsconmppdeagpswisictr r ounded
by titanium (Ti) or titaniumnitride (TiN) barrier |layers. Jain et al

(U S. Patbows dNdirech coppr B20ppdreaniectonrbitivech vifis erndirforehnignt thgtidualy i cati on
process of dual damascene structures by coating the devices with an

anti - r ef lekelsiof en MA¢REtb@birculth ITheir GRAMIIBVARRBHNRBE RS bhAGM PBRIAIJFt hogr aphy
process and al so acts a a barrier |layer for the copper interconnects. 25

August  2QQ4a0id-haupRiRaR Qﬁl@(@trc;ﬂi]@etagggﬁma@me%gwi})]é?\ﬁﬂ@a%s%ﬂt?%ﬁcgﬁ 19 alct cati ons

and i nprovenents ~ of the danascene process, ey ess certain
2Pect 1 G RoBTPE B iy M AL o v o e process.

(U. S. Patent No. 5,693,563) teaches an alternative method for solving the same double

level contact problem, wherein two barrier layers are used to enhance the connection

properties. Iguchi et al (U. S. Patent No. 5,744,394) teach a method for interconnecting a

series of transistors in an integrated circuit fabrication wherein the interconnection layer

is connected to the transistors through a barrier layer which can be formed of any one of a

number of metals or their compounds. Stolmeijer (U. S. Patent No. 5,834,845) teaches a

method fbr fabricating a multilevel interconnect structure composed of similar patterned

metal layers as building blocks. These blocks are then connected by tungsten or

alﬁminum plugs surrounded by titanium (T1) or titanium nitride (TiN) barrier layers, Jain

et al (U.S. Patent No. 5,741,626) teach a method of improving the fabrication process of

dual damascene structures by coating the devices with an anti-reflective material. This

coating then enhances the photolithography process and also acts a a barrier layer for the

copper interconnects.



differs fromthose cited above by addressing the follow ng issues: the
degradation of netallic barrier layers by the out-diffusion of fluorine
fromfluorinated dielectrics into those |layers, the difficulty of using
nmetallic barrier layers to conformally Iine trenches and vias of dinension
| ess than 0. 15 microns and the use of a novel class of ggg; co&ﬁg ting
barrier layers to inprove the adhesion of netallic barri “&9% nd
copper inlays to trench and via sidewalls when the dinensions of these
formations ar ] . h%@#%% OF: first
obj ect of thi gltihﬁ%gzne{aiagﬁﬁihg Q?og)vgg?%ﬂnggﬁgnﬁet 0 \Bfl 1c%rt IOE);rti gr\l/%%!r}\%g t (tago\out -
diffusio j i ielectrd c.paterials.into.the

et al 1 0 Obae S RpAQ b6 They HRE0 RRASH ot Skl iR b Rl

i nterconpects. A seco object of. this invention is to provide a nethod for
o event i 16 RS0 SRR OREER o i3 VRPN Rl B S RaeP L Ve B 11 ¢
materials.directly into, conductipng . materials that may fill trenches and

vi as not %}fﬁ' orgjthqse ﬁ%‘fdaff%of’%gba‘ihﬂ?sé}“gl“%ﬁ/ Hlewing issyps: dheslsradatioRroft hj s
invention is to provide a method for preventing conducting materials, such
as coppemetaél«trpla?éEI%réwerswbxﬁh@ﬁ@h@éﬁtaﬁ@ogﬂwzneffr@nﬁmum@id@eqtmson@ur r oundi ng
dielectric materials. 25 August 2004 A fourth object of this invention is

t o provi desalayesbel difbeulrofusing imetplldobaidertlayrgs torran formallyslinesttanbhass copper
sputtered onto the sidewalls of trenches and vias during etching, from

di f f usi ngnd vitoodimensiowdicsghah @18 eficrons ardtthe il of a nBvilicldshodiyjnect of this
invention is to provide a nethod of conformally lining trenches and vias

whose aspegluctid baSerdsfere@ninbriva kheyadhBsi s aShasl WibhRieP RGErs LR Bipper gy
 inlays to trench and via sidewalls when the dimensions of these formations are less than

“0.15 microns.
SUMMARY OF THE INVENTION

A first object of this invention is to provide a method for preventing the out-
diffusion of fluorine from fluorinated dielectric materials into the metallic barrier layers
such as those that characterize damascene interconnects.

A second object of this invention is to provide a method for preventing the
out-diffusion of fluorine from fluorinated dielectric materials directly into conducting
materials that may fill trenches and vias not lined with metallic barrier layers.

A third object of this invention is to provide a method for preventing conducting
materials, such as copper, deposited in trenches and vias, from diffusing into surrounding

dielectric materials.




generation, thus allowi ng the continued use and benefits of copper

i nterconnects for devices of the 0.15 mcron generation and beyond. A
sixth object of this invention is to provide a nethod for formng a |ining
| ayer whose lowk dielectric properties help to reduce the problens
associated wth parasitic capacitance between conductin% intergﬁﬁgects and
ot her nei ghboring structures. A seventh object of this i ééﬂ??% to
provide a nmethod for formng a liner layer wth inproved adhesion

properties bepwssih 65BRAGE RN mvaﬁﬂmrf@foq#éviééshﬁﬁﬁoaif&spre&ﬂﬁ&g Igtghtdﬂctﬂ%i ect of

this invention is to provide a nethod for formng a chemcally 1nert

spacer | auiialdlon S B4sHeL SpARKURIGIAIRLRS datcldsQiy LS afifdpol s of etches

and post etc ol vent™“st'ri ppl ng processes. nt® of the

pr esent ie@“%%{fﬁ?lﬂgﬁﬁﬂ%ﬁnfggﬁt?gﬁﬁﬁnﬂéf;i}elggtri%‘?%eﬁf'a d by the chem cal vapor

deposition vapor® deposi %ﬁﬂ» of a non-netallic
spacer | ayer i r posed Rﬁgmeen.the surr.oundi n f%uorina ggﬁdielectric
materi al and é‘nﬁ‘ﬁ%@ﬂ?ﬁ of thisjpyension isfoprovidea 'ﬁ‘ﬁ%‘gﬂé? c‘é’mfﬂ'ﬁiﬁl 1%2of the
“present invention particularly suited to trenches and vial whose m ni num
di mensi oHENAESANGEES VROSH agpostiaipyare gantinuplby incrsasiag with gagh teghmology hi eved by
t he pl asma-enhanced chem cal vapor deposition éPECVQ) or physical vapor
deposi t i generaign) thys allowiag theepntinugd pseandhsselits of capper ipterepnpgctsfor of | ow
dielectric constant 5 25 August 2004 (| ow k) carbon-based anorphous
mat er i al devipratof tiwr)). bemiteproginemtios emd beyomdl.l y to a thickness of 15
nanoneters or |ess. For exanple, Teflon is such a lowk material (1.9<_
k<_2.1) that adibehebjeesdflthit imvehtiwris i mbeidt binetivt for foathg d iringldh@si on to
copper can even be
whose low-k dielectric properties help to reduce the problems associated with parasitic
capacitance between conducting interconnects and other neighboring structures.
A seventh object of this invention is to provide a method for forming a liner layer
with improved adhesion properties between conductors and porous dielectrics.
An eighth object of this invention is to provide a method for forming a chemically
inert spacer layer that protects surrounding materials from the effects of etches and post
etch solvent stripping processes.
In one embodiment of the present invention these objects will be achieved by the
chemical vapor deposition (CVD) or physical vapor deposition (PVD) of a non-metallic
spacer layer interposed between the surrounding fluorinated dielectric material and a
metallic barrier layer.
In another embodiment of the present invention particularly suited to trenches and
vias whose minimum dimensions are less than 0.25 microns, these objects will be

achieved by the plasma-enhanced chemical vapor deposition (PECVD) or physical vapor

deposition (PVD) of a barrier layer composed of one of a class of low dielectric constant



enhanced by depositing it over a prior layer of polyaniline or by nodifying
i-ts surface to a hydrophobic condition. Such anorphous carbon-based
materials will prevent the out-diffusion of copper fromthe conducting

i nterconnect inlay and, therefore, obviate the need for an additional

metallic barrier layer. In yet another enbodi nent of the rese?é ¢ venti on,
these objects will be achieved by a plasna treat nent of ﬁ@gﬁi 8 nat ed
dielectric surfaces to form thereon, "pseudo- carbon nitride" |ayer that

i's inper g@@ti{)%alhognlg HaMo%oh@ﬁa%ﬁglsmgﬁ{ bé)&gpogieﬁ Hﬁfoﬁﬂalw whi ch may,

t her ef or vi ate t need for an additional "netallic barrler | ayer. BRI EF

DESCRI PTHin&Es O-EH? %%B&?of fesk For e§ant%1§°ﬂ?1'$ﬁﬁé s%[cﬁﬁﬁ’%?-kﬁﬁé%éﬁa??fib <view of a

nultl-layer M cr odl'ect roni cs abr rior ron of the
rconnect. The interconnect

trench a f.a dum
w 1wl Fgiafhe? estwl&a aﬁP EHeRgirie eris, 1BrEOT Ppay S 2ifd Sont act
t he | ower condyct mat | S-sectignal view of
the tren&Phageff ‘%Pg ltt PBEH i 10{ ﬁ”éf ?falPéPfyaB HESE @08%88 iHEECBithect whi ch
has now been etched out bé one of several patterning and etch schenes,
i ncl udi n@bydraphabicgonditioan Spck am@’phw caghop-basadgpstenials wBLpEedt thgj 3) . 6 25
August 2004 Fig. 3 is a schematic cross-sectional view of the
dual - damastediffesion efesippenfiony the cofducting irdercovnett inlag and tthdréfore, baviste ére | ayer
havi ng been fornmed directly over the exposed surfaces according to the
met hod oheddfer maddétiinabmetalbicdban@r layst.ng t he net hod of the present
invention. The arrows point to areas where fluorine will tend to
out - di ff use anflyet another embodiment of the present invention, these objects will be achieved

by a plasma treatment of the fluorinated dielectric surfaces to form, thereon, a "pseudo-

carbon nitride" layer that is impermeable to both fluorine and copper out-diffusion and

which may, therefore, obviate the need for an additional metallic barrier layer.
BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a schematic cross-sectional view of a multi-layer microelectronics
fabrication prior to the formation of the trench and via of a dual-damascene type of
interconnect. The interconnect will ultimately pass through the dielectric layers indicated
and contact the lower conducting layer.

Fig. 2 is a schematic cross-sectional view of the trench and via formation of the
dual-damascene type interconnect which has now been etched out by any one of several
patterning and etch schemes, including via first, trench first or self-alignment (buried

via).



degrade the properties of the netallic barrier layer so fornmed. Fig. 4 is a
schemati c cross-sectional view of the etched out trench and via of a

dual - damascene type interconnect done in accordance with the nmethod of the
present invention. Unlike the via illustrated in Fig. 2, the viain Fig. 4
extends only to the passivation |ayer over the conducting |ayer and does
not penetrate it. Fig. 5 is a schematic cross-sectional @géwgbﬂ2ﬂﬂé trench
and via formation shown in Fig. 4, now covered by a non-netallic |ayer

deposited by a. nmetho f _chem cal..vapar osition (CVD) qgr physical vapor
deposi ti on (P@é}n%sﬁ %hg%aﬁlcscrgssésgﬁtéoﬁ% Y&V O ﬁ%sd?lgl[e‘iat‘?aé?(ﬁi‘le t’??flgwrgif‘){? he
fabrication j.n Fig.. 5 with the non-netalli¢c CVD or PVD | ayer renoved from
hori zont A™&tie? gggéhaﬁ?etﬁﬁlf:ib?@fer P g heen ﬁ’."@?‘?ﬁlr?%lyloé%‘i/@e BER¥¢kr spacers
on vertical surfaces. Fig. 7 is_ a schematic cross-sectional view of the

f abri cat SgfrcPhaqepiiingdodhiyuegod af the cerrent g8 apd Rotatsingdhe wpthed ef ®R t o renove
the passivation |ayer and expose the conducting layer. Fig. 8 is a

- schenat i Breserdsuveniden. | Biearrows @ping omeasgvhenefltaringatill 6endgd out-diffusd dndc  barri er
| ayer over the fabrication of Fig. 7. The structure of this fabrication,
done in degradetianmpenties bf thhenetedlidioiricflayeneo frmeént i nvention, is to be
contrasted to the fabrication in Fig. 3, which is done in accordance with

t he met hod of Fighe icaischemiticadrbssasectional view of 8@GadhdaneEranch Bnd ¥ig opBt hod of the
present invention. 7 25 August 2004 Fig. 9 is a schematic cross-sectional

view of tudl-ddthabeedatips GRBRoMRENTE M Socbiddfc with thE nfBlRl dfige Hedehtisi on

barriers. Fig. 9 (a) depicts the shape of a present dual -damscene
invention. Unlike the via illustrated in Fig. 2, the via in Fig. 4 extends only to the
passivation layer over the conducting layer and does not penetrate it.

Fig. 5 is a schematic cross-sectional view of the trench and via formation shown

“in Fig. 4, now covered by a non-metallic layer deposited by a method of chemical vapor
deposition (CVD) or physical vapor deposition (PVD).

Fig. 6 is a schematic cross-sectional view of the fabrication in Fig. 5 with the
non-metallic CVD or PVD layer removed from horizontal surfaces by a first anisdtropic
etch to leave barrier spacers on vertical surfaces.

Fig. 7 is a schematic cross-sectional view of the fabrication in Fig. 6 subsequent
to a second anisotropic etch to remove the passivation layer and expose the conducting
layer.

Fig. 8 is a schematic cross-sectional view showing the formation of a metallic
barrier layer over the fabrication of Fig. 7. The structure of this fabrication, done in
accordance with the method of the present invention, is to be contrasted to the fabrication
in Fig. 3, which is done in accordance with the method of the current art and not in

accordance with the method of the present invention.



formation, while Fig. 9 (b) depicts the reduced aspect of such a formation
when applied to the 0. 15 m cron and beyond generation of m croel ectronics
devices. Fig. 10 is a schematic cross-sectional view of a nulti-I|ayer

m croel ectronics fabrication of the 0. 15 mcron and beyond generation of
m croel ectronics devices within which a dual -damascene type interconnect
is to be formed. Fig. | | illustrates the design paranet@géﬂﬂhﬁt 200ist be
considered in formng a dual-danscene type interconnect in a 0. 15 mcron
and beyond generation of mcroelectronic fabrications such as is
illustrated in Fig 10.. The figure also is a schematic cross-sectional
view of the p tnin and etchin t he .dual mascene, trench apd via in
accordance w F § ?fg?lﬁ?ﬂf %?szsﬁ%t%ﬁ'flﬁr‘é‘ﬁ‘?itc’ff"f‘ﬂ/ ‘f?ﬁlﬁﬁtﬁascﬁ’i“gfonﬁuqné ligedchemmat i ¢
- cross-sectional view of the fabrication in subsequent to the

f or mat i oW“@fmeéal%ﬁlf%WBﬂP@frl% g% (ebdenigts ﬁ'ﬁé‘?%é’% Pteé?fﬂélﬁ Idpnegcengat eri al s.
Fig. 13 is a schematic cross-sectional view of the fabrication in Fig. 12
subsequefrmagon, hilgdig. i9dhl depictothe apduged spestopsusheatformationtthen nppliedet al | i ¢

| ayer. Fig. 14 is a schematic cross-sectional view of the fabrication in

Fi g. 13- whibe il mictva and beindaackretian dfanierdekeemorficd degbessi t h a copper inl ay
and covered with a passivation layer. Fig. 15 is a schematic

Cross-sect i onalg. V0 8w whematitltrdds-skaioanl witw bHehabi-load mirdedetrbgios i on prior to
the formati on of a dual-damascene type interconnect. The fabrication 8 25

- August  2@4licainsdfahe0.05 micr6® By @ gsridREioh AF Ricr8dlédiroffes AcFORRAthiSUDSt r at e,
over whi ch has been
which a dual-damascene type interconnect is to be formed.

Fig. 11 illustrates the design parameters that must be considered in forming a
dual-damscene type interconnect in a 0.15 micron and beyond generation of
microelectronic fabrications such as is illustrated in Fig. 10.. The figure also is a
schematic cross-sectional view of the patterning and etching of the dual-damascene
trench and via in accordance with the method of the present invention,

Fig. 12 is a schematic cross-sectional view of the fabrication in Fig. 11
subsequent to the formation of a non-conductive barrier of amorphous carbon-based
materials.

Fig. 13 is a schematic cross-sectional view of the fabrication in Fig. 12
subsequent to the application of an anisotropic etch to the non-metallic layer.

Fig. 14 is a schematic cross-sectional view of the fabrication in Fig. 13 wherein
the trench and via have been filled with a copper inlay and covered with a passivation
layer.

Fig. 15 is a schematic cross-sectional view of a multi-layer microelectronics

fabrication prior to the formation of a dual-damascene type interconnect. The fabrication




formed a first etch-stop and passivation |ayer and a first lowk dielectric
| ayer. Fig. 16 is a schematic cross-sectional view of the same fabrication
in Fig. 15, wherein the first lowk dielectric |ayer has been subjected to
a nitrogen, hydrazine or NH3 plasna treatnment of its top surface. Fig. 17
is a schematic cross-sectional view of the fabrication of Fig. 16, on which
a second etch-stop |ayer and a second |owk dielectric | a)éughad8dbheen
formed. Fig. 18 is a schematic cross-sectional view of the fabrication in

Fig. 17, . nitro. or NH3 S treat.ment .of the top
surface S?IE e‘ﬁg;é?gé\% 1ﬁ%\;§¢l1(s{r£t81 %?}28?arlF%pr:'%é;}légt.mq%io&?r‘?a(]@‘gﬁgasabegghermti c
cross-sectional_ vi f the fabrication in Fig. 18 upon.  which a capping
layer ha OIB’SQHf?%ﬁﬁﬁéf?%gé’afsﬁ‘@ﬂeﬂ?aiﬁwaaﬁr Tégg'lbg‘éﬁcwtlﬁyﬁ'ned and etched.
Fig. 20 is a schemntic cross-sectional view of the conpleted trench and via
for mat i o, DESERI EPECKIEbFEoSRESHORRS RS NER T Fat 0838 Rifof 55 t 5
preferred enmbodiments the present invention provides a nethod for formng
l'i ned cofbeeinge fipt drvek dirdestric lagerdias besnsubipeted thuanitrogarabydragng gnidtls

i nterconnects, in mcroelectronics fabrications. Wen fornmed in accordance
wi t h t heplasmwa troatmentafdgiston surfabese preferred enbodi ments, the interconnects

W ll protect the surrounding dielectric materials from copper
out --di f f usi onFignil7 &lasohgmaicetdssisbrioBalAGevAuPihs fab2R8on dTtReg.8NGE&hichi ner from

t he adverse affects of fluorine out-diffusion fromfluorinated | ow
a second etch-stop layer and a second low-k dielectric layer have been formed.

Fig. 18 is a schematic cross-sectional view of the fabrication in Fig. 17,
subsequent to a nitrogen or NH; plasma treatment of the top surface of the second low-k
dielectric layer.

Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18 upon
which a capping layer has been formed and a trench and via have been patterned and
etched.

Fig. 20 is a schematic cross-sectional view of the completed trench and via

formation.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

In each of its preferred embodiments the present invention provides a method for
forming lined conducing interconnects , such as copper dual-damascene type
interconnects, in microelectronics fabrications. When formed in accordance with the
methods taught in these preferred embodiments, the interconnects will protect the

surrounding dielectric materials from copper out-diffusion and also protect the



k dielectrics. In one of its preferred enbodi nents, the invention is
particularly suited for <creating interconnects of the reduced di nensions
required in the sub-0.15 mcron generation of mcroel ectronics
fabrications. First Preferred Enbodinent A first preferred enbodi nent of
t he present invention teaches a nmethod of formng a nonzpetall] dFarrier
| ayer to fluorine out-diffusion that can be applied to tﬁgﬁugw¥h§9 on of
conducti ng i nterconnects, such as copper danmascene-type interconnects, in

m croel e ttér&’&ﬁ%&lﬁ:ng_ réél{,:l%é. &l¥Srse Iﬂ?ct@@[tfﬂ%ﬁiing%{}%@ﬁaéigﬁfrﬂﬁ%ﬂinﬁﬁi F%vsrr-i ng to

Fig. | throug I'n conjunction wt escriptions W.
Referrin %es of

now to Fig. 1. Fig. 2 and .Fig. there s sho a se

scherat | § RSP (s erders e el Pisdb OB e A Gl ety pe
of lined conducting interconnect,.in accordance 'tqb he net hods of the
ourrent - SERTEIOeTRURe P AT BRI GITS ST 6 PRt 15 FECTBR esont
i nvention. These figures are used to indicate the advantages of the
present B§NFEHRION §hmigrpgjectionigy ffsicatiaiéhemati ¢ cross-sectional view of a
m croel ectronics fabrication wthin which a dual -damascene interconnect is
to be formed. The fabrication conprises a conducting layer (10), which is
typically a copper (Cu) conducting |ayer, but which can also be a tungsten
(W layer or a conbi nati on Foft Rrefended imbodippat (Al -Cu) alloy, titanium (Ti)
and titaniumnitride (TiN), all of thickness between 2000 angstrons and
15, 000 angstrons, on which has been fornmed a passivating |ayer (12), which
~typically 10 25 August 2004 could be a |ayer of silicon nitride (SiN), of
thi ckness bet wemk pORrradafibsdMEntTeheSpr&B: invention teaches a method of

forming a non-metallic barrier layer to fluorine out-diffusion that can be applied to the

formation of conducting interconnects, such as copper damascene-type interconnects, in

microelectronics fabrications. The method can be learned by referring to Fig. 1 through

Fig. 8, in conjunction with the descriptions below.

Referring now to Fig. 1, Fig. 2 and Fig. 3, there is shown a series of schematic

diagrams illustrating the fabrication of a dual-damascene type of lined conducting

interconnect in accordance with the methods of the current art, but not in accordance with

the method of the present invention. These figures are used to indicate the advantages of

the present invention.

Fig. 1 shows a schematic cross-sectional view of a microelectronics fabrication

within which a dual-damascene interconnect is to be formed. The fabrication comprises

a conducting layer (10), which is typically a copper (Cu) conducting layer, but which can

also be a tungsten (W) layer or a combination of aluminum-copper (Al-Cu) alloy,

titanium (T1) and titanium nitride (TiN), all of thickness between 2000 angstroms and

_ 15,000 angstroms, on which has been formed a passivating layer (12), which typically
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angstromnms, on which has been forned a first dielectric |ayer (14), which
could be a layer of lowk fluorinated material such as, but not restricted
to FSG fluorinated polyimde, anorphous fluorocarbon, Parylene-F or
PTFE(Tefl on), of thickness between 1,000 angstrons and 10, 000 angstrons,
on which has been forned an etch-stop layer (16), which gould'gﬁ‘f | ayer
of SiNor BLOK (from Applied Materials Corp.) or siliconZoxijugest28¢

- thickness between 500 angstronms and 5, 000 angstrons, on whi ch has been

[or e o ERORkASH8h At i UOHOB AL Eh SR LB RS ot 1%),
f d I f Si N of
t E Z‘Eneignq%ﬁr%%é&% %@%?E%&%w ﬁoﬁgeaéi %d&%%ﬁa%g%rmwﬁﬁcb cpgﬁfésa lalﬁsr ot ed
6 -
copc SR ENGR TS B B Uk B AR T b, <ot
cross-sectional view of the fabrication shown in Fig subsequent to the

pat t er ni Agomhauelearssbass Parylenedt-ca EECkstlon). of @%ﬁﬁé’@‘i‘”ﬁe@ﬂﬁ&pl on
consisting of a trench (22) and a via (24), which is open to the Cu | ayer
(10) . Thengsirdmg and10.800 angsirems lonivéhithehasbeen Drmed an gelostop Zaydr A6 mi cr ons,
the width of said via is between 0.15 mcrons and 0.40 m crons. The

et chi ng phohassldderadagdt of TN @ BEOH-(fesi Apeidd Materiad Chipd@r viliesreoxidé he
etching chem stry conprises one or nore of the follow ng: fluorocarbons

(eg. CF4of BidkByss bayiben Gal BRFoms bads, DO®arspdhshs, ontvadc R hesafopadsa ( €g.
CHF3), fluorosulfurs (eg. SF6), chlorine, hydrogen brom de, oxygen,

ni t r ogen secdhd Wyer ofIYWIOMRRINARE dRNMLFAhRBRalTPEOXHEI8: tohefiRt Mefehgicchoi ce of
chem stries is tailored. appropriately to the nature of the different
layers.  IbelB 4 witidflas then been formed an optional capping layer (20), which

could be a layer of SiN of thickness between 500 angstroms and 5,000 angstroms. 1t is to

be noted that etch-stop layer {16) can become optional if the inter-level capacitance of the

fabrication needs to be reduced.

Fig. 2 is a schematic cross-sectional view of the fabrication shown in Fig. 1
subsequent to the patterning and etching of a dual-damascene interconnect formation
consisting of a trench (22) and a via (24), which is open to the Cu layer (10). The width
of said trench is between 0.25 microns and 2.0 microns, the width of said via is between
0.15 microns and 0.40 microns. The etching process consists of plasma-assisted dry
etching wherein the etching chemistry comprises one or more of the following:
fluorocarbons (eg. CF4, C4Fs), hydrocarbons, fluorine substituted hydrocarbons (eg.

CHF?3), fluorosulfurs (eg. SFs), chlorine, hydrogen bromide, oxygen, nitrogen, argon,
hydrogen and and carbon monoxide, wherein the choice of chemistries is tailored

appropriately to the nature of the different layers.
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Fig. 3 shows the interconnect fabrication of Fig. 2 having now been |ined
wth a netallic barrier layer (26), which could be a | ayer of nateri al
such as tantalumnitride (TaN) or titaniumnitride (TiN), fornmed to a

t hi ckness of between 50 angstrons and 3,000 angstrons by a process such as

PVD (eg. deposition by sputtering, ion-nmetal plasma or holl ow ode
magnetron) or CVD. The arrows (28) indicate the surfaceszgf%gﬁ%éﬁ&ghich
fluorine out-diffusion would occur as a result of subsequent high-

tenper atur e PEQCESRIS hRRSy Bba BIRARAH 193, ARERANG&RMpEnf83500 ©

The out- diffu uorine reacts w er “mat er1 al orm nore
brittle an orl.y ,adhering . ,met i ¢, fluagrine.conpounds ,such .gs tantal um
1 uor | denPAIRSEht 188 S ihicfEGR be Gk Gl SRR AR ¢ e cant

m croel e nics .fabricatjon_of Fig. 1 now hein repared for the

f or mat | oﬁf%ﬁ oF HEppam a%%s@&ﬁé forpgel &9 & Hisl0ers 0358%\%85 ﬁ@ MGUPRE Mt hod of the
present invention. Atrench (22) and via (25) have been patterned and
formed addf8f angsgoms byaeresessswgle pul ViRdeh GEROSKHEIY spttaripg, gptmetalsych as
trench first, via first or a self-alignment (buried via) scheme. The trench
is of wphsma pehellsencathods mrgoetond on@Y D2 Thermoms 128) indieats/ the sidacgé wi dt h
between 0.15 mcrons and 0.4 nmicrons. In accordance with the method of the
present ihmowghtwiooh fladrenevauadifBSion veouddodasr ord igsutlooftshbsegpgae highur f ace of t he

passivating layer (12). Fig. 5 shows a schematic cross-sectional view of

t he same tdperaek @edceaigateps hokmpeatiréexetediigR002C twhet’at.nThe san- netal lic
| ayer (15) has now been forned by a nethod of chem cal vapor deposition

(CVD) or dfi¥figGRloriH@RAEs RHRRE fiked PhatdPMPlo fob® nfdrd BBk Bﬁ‘&?oor@fadﬁ@ﬂi en 50
angstrons and 5,000 angstrons. The layer (15) conformally I'ines all

cxposes RCL ifobieeh auhlg AGREELAD, oL 0o e oxosed
capping | ayer F‘gZQ )shov;@:?scﬂglgatic cross-sectional view of the same microelectronics
- fabrication of Fig. 1 now being prepared for the formation of a dual-damascene

interconnect according to the method of the present invention. A trench (22) and via (25)

have been patterned and formed according to one of several methods known in the art,

such as trench first, via first or a self-alignment (buried via) scheme. The tren.ch is of

width between 0.25 microns and 2.0 microns, the via is of width between 0.15 microns.

and 0.4 microns. In accordance with the method of the present invention, the via (25)

extends only to the upper surface of the passivating layer (12).

Fig. 5 shows a schematic cross-sectional view of the same microelectronics
fabrication of Fig. 4, wherein a non-metallic layer (15) has now been formed by a method
of chemical vapor deposition (CVD) or physical vapor deposition (PVD), to a thickness
of between 50 angstroms and 5,000 angstroms. The layer (15) conformally lines all

exposed surfaces of the trench and via formation, including the exposed portion of the

passivation layer (12) and a portion of the surrounding capping layer (20). The non-
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12 25 August 2004 netallic layer (15) can be fornmed of a material such as
silicon carbide, boron nitride, carbon nitride boron carbon nitride or
boron carbide. Fig. 6 shows a schematic cross-sectional view of the sane

m croel ectronics fabrication of Fig. 5, subsequent to an anisotropic etch

used to forma spacer layer (19) fromthe non-netallic layer '
(15) in Fig. 5). Said anisotropic etch consists of a pI ﬁﬁgﬁé25@¥2d etch

wherein the etching chem stry conprises one or nore of the follow ng:

chlorine e&@li«ﬂﬁyérr(iﬁ%@[aiﬂgme%y FnB Byﬁrcf?% lic %E@Qf%omk%@d@g gas (a

m xture of nitrogen  an rogen Fdor ocar uorine-substituted

hydr ocar n een | he flgure the etch has renoved
t he non- %%péf%$%%ﬁ§ngygﬁ)né@?QForﬁmﬁ%Wﬁgg% (15) in Fig. 5) fromthe capping

| ayer surface_(1 ally renmoved sai.d n nmet al.l i a mat eri al
from the. et cnl 6o S ERTSSorrYEw s heafmg THeRgsuPr: o
non-netal |ic layer naterlal fromthe passivation | ayer surface é13)
| eavi ng §3Figatingpt Fige paubscauentyia pn ﬁ’é!ﬁ@?qpéﬂ etghhuser éo {pama spager ayer débs” of the
trench and via formation (19) as shown. Fig. 7 is a schematic

cr oss- seé&Pmdhanonmetgllist layes dsheosimes k1 Do Bige 6} rivd egsotzepicietchtdossistsof aFi g. 6,
subsequent to a further etching which renoves (at (21)) the passivation

| ayer ( pRymé-asantedwcloehetaintthaeching dren(isiy) cdmegnisat dnei dr moFhef éechi ng process
consists of plasma- assisted etching wherein the etching chem stry

conpr i sesoléng®chivring bofort thiehlbodd, oxideg; hydrddens sicagdmofemirtuas GF4, CAF8),
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), oxygen,

ni t r ogen miAieUT nittdin BYIhREESEEN), Moo chitdh(sH YlubABe- bRt BtaydthcRIbeEEPS there
is sone degree of penetration into the conducting |ayer 821) During this
PrOCESS, and argon. As is seen in the figure, the etch has removed the non-metallic layer material
| (shown as (15) in Fig. 5) from the capping layer surface (17), partially removed said non-
metallic layer material from the etch-stop 1ayer surface (21) and partially removed said
non-metallic layer material from the passivation layer surface (13), leaving said non-
‘metallic layer material on the vertical surfaces of the trench and via formation (19) as
shown.
Fig. 7 is a schematic cross-sectional view of the same microelectronics fabrication
of Fig. 6, subsequent to a further etching which removes (at (21)) the passivation layer
(12) from the conducting layer (10) beneath it. The etching process consists of plasma-
assisted etching wherein the etching chemistry comprises one or more of the following:
-fluorocarbons (eg. CFs, C4F3g), hydrocarbons, fluorine substituted hydrocarbons (eg.
| CHF3), oxygen, nitrogen, argon, and hydrogen. Note that during the etching process

there is some degree of penetration into the conducting layer (21). During this process,

the barrier layer now also acts as a protective layer to prevent diffusion of the sputtered
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the barrier layer now al so acts as a protective |layer to prevent diffusion
of the sputtered 13 25 August 2004 conductor and its oxides into the
surrounding dielectric, which is particularly inportant if the conductor is
copper. Fig. 8 is a schematic cross-sectional view of the sanme

m croel ectronics fabrication of Fig. 7, subsequent to t wet ry
cl eaning of the sputtered conductor (not shown) and theggépﬁﬁ?géﬁpof a
nmetallic barrier layer (22), which conprises a |layer of, but is not
restrict i N, . : Al - Si L itride.. of
thicknesg (%gvéen d;%%%£¥$%m§ﬁgﬁ@ﬂﬂﬁ%%gkQﬁgg?ﬁ@%gﬁhﬁhéﬁ?gE?%@E??g% IS now
r eady fO{ thedigsertion of a conducting inlay, typically a copper inlay

f ormed wafﬂa‘ﬁ‘ﬁd%?PP%h of copper over all surfaces of said trench and
~via formation (not shown).. Conparison of the fabrication illustrated in
Fig. 8 to that illustrated in Fig. 3 shows the inherent advantages of the
spacer |layer, forned in accordance with the nethod of the present
invention, in preventing the out-diffusion of fluorine into the netallic
barrier layer (22). Second Preferred Enbodi mrent A second preferred

enmbodi nent  of Fighd ig® sshematia grossreetimal dew o8 hegame niigrgelogtronis fakiriegtien
non-netallic barrier |ayer to copper diffusion into the dielectrics that
can be apPigi edubmqoon tuht wegor dry efeening ef ths sptecdtl @sdeappect shawascene-t ype
i nterconnects, in the 0.15 mcron and beyond generation of

m cr oel eqhd pBifenatiah bl £ Akiallitsharrididaye (220 dvidetncdifpristealagechPyutiedRrri ng to
Fig. 9 through Fig. 14, in conjunction with the descriptions below 14

restricted to, TaN, TiN, WN, or tantalum or metal-silicon-nitride, of thickness between
50 angstroms and 2,000 angstroms. The fabrication is now ready for the insertion of a
conducting inlay, typically a copper inlay formed by the deposition of copper over all
surfaces of said trench and via formation (not shown)..

Comparison of the fabrication illustrated in Fig. 8 to that illustrated in Fig. 3
shows the inherent advantages of the spacer layer, formed in accordance with the method
of the present invention, in preventing the out-diffusion of ﬂuoriﬁe into the metallic

barrier layer (22).
Second Preferred Embediment

A second preferred embodiment of the present invention teaches a method of
forming a non-metallic barrier layer to copper diffusion into the dielectrics that can be
applied to conducting interconnects, such as copper damascene-type interconnects, in the
0.15 micron and beyond generation of microelectronics fabrications. The method can be

learned by referring to Fig. 9 through Fig. 14, in conjunction with the descriptions below.
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25 August 2004 Fig. 9 is an illustrative schematic diagram show ng the
| i ner shape of a typical dual-danascene trench and via formation. In Fig.
9 (a) i's shown the outline of such a formation as it would be found in the
present generation of mcroelectronics fabrications. The width of the
trench in this formation is between 0.25 mcrons and 2.0 nmicrons, the
width of the via is between 0.2 microns and 0.4 nicrons aAd\UeHE 2084 ckness
of the barrier deposition is between 50 angstronms and 2000 angstrons. In

Fig. 9 (b) isgsh |l e for.mati i ld b nd .in the 0.15
19,3 (O L Sr AR AL iR ek b SaRo R 1

m cron and be eneration o i I

deposi tign nd not. done,accordin o._th thod of th resent invention.
The ill uglcleﬁ'éﬁp’&ﬁcef‘%trg‘?f?'@flg; Vfadfgnf‘ﬁ@%' E‘b]r: lﬁog@g‘?ﬁ? OpR "c%‘ftﬁ?fgo < 2t he reduced
aspect of the trench d via.in the 0.15 micron _and beyond generation

woul d, i FPTTgHAR asr‘é&’ﬁl‘ﬁg’eafo‘fr}ﬁ ip sy PrgRsft geaeratien Bkmicresiectroniss &licatingci ng nor e
stringent_requirenments on the physical properties of the conducting inlays
r equi r ed Thedyidth of thedsgaeh intthis feraatian isdstwdendelSdanicrons and R0gnitwbs.itesat i on, t he
width of the trench is between 0.15 microns and 1.5 mcrons, the width of
the via mgdthef heetn B8 .beBvern 8 2onisraamdnd0.3 miconoas] tha thitkvess dfitlekinese of t he
metallic barrier deposition would normally be between 100 angstrons and
2000 angdepositeon isbdtwben 30 agstroney @@W00 angstdoimgkness over the fabrication in
Fig. 9 (a). Fig. 10 is a schematic cross-sectional view of a

m croel ect r onkiCBigf @) ii£oivah comipablédbAgatdn ik ANARIESS foRRd GSthé 8hki cati on of
the below 0.15 mcron device generation, wthin which a dual -damascene

i nt er conRB&hn bid b&oh : Weak i ¢ y . ting |ayer
10y, o o S R ey ot RN T

stack co '&H}Eé a%c 5 in%ntg tl%rmgfﬁ&?oigci‘le bggenft ﬂl‘)ef?t%n':] gfh%qﬁlﬂtrit'ioﬁ f-stsglgiy%g} thte ungs ten,

titaniumnitri

purposes of indicating that the reduced aspect of the trench and via in the 0.15 micron
“and beyond generation would, in turn, require a thicker barrier deposition, thereby
placing more stringent requirements on the physical properties of the conducting inlays
required (eg. to prevent the formation of voids). In this fabrication, the width of the
trench is between 0.15 microns and 1.5 microns, the width of the via is between

0.05 microns and 0.3 microns and the thickness of the metallic barrier deposition would
normally be between 100 angstroms and 2000 angstroms, which is an increase in
thickness over the fabrication in Fig. 9 (a).

Fig. 10 is a schematic cross-sectional view of a microelectronics fabrication,
including a fnicroelectronics fabrication of the below 0.15 micron device generation,
within which a dual-damascene interconnect is to be formed. The fabrication comprises

a conducting layer (10), which is typically a copper (Cu) conducting layer or a composite
- stack comprising one or more of the following metals: titanium, tuhgsten, titanium nitride

and aluminum-copper, of thickness between 2,000 angstroms and 15,000 angstroms on
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and al um num copper, of thickness between 2,000 angstronms and 15, 000
angstrons on 15 25 August 2004 whi ch has been formed a passivating | ayer
(12), which could be a layer of silicon nitride (SiN) or BLOK (nfg. by
Applied Materials Corp.), of thickness between 500 angstrons and 5, 000
angstroms, on which has been forned a first dielectric |ayer (14), which
could be a layer of SiO2 or doped Si @ such as PSG or aZga\}lGldStéf)M

car bon-doped silicon oxide such as nethylsilsequioxane or a |ayer of |ow

di el ectri¢.caonstant. (|l ow k) .organi c yner. s as FL . (nfg...by Allied
Si gnal Cg?lbc Yo é‘ﬁl_llfo%ﬁ?%gg P%vvﬁg\%qﬁ%ﬁﬁé ‘f’h‘%f"ﬂﬂ‘;?e %fay‘ér ‘ﬁllgﬁifgil “gfld‘? nor gani ¢
pol ymer ogen sils ui pxane or a | ayer conprising the porous
entity ofﬁﬁﬂfﬁ%@g@gf‘?ﬁfo@ 1 iig‘?t%r&,"’ﬁsr f-erpp); phhickegss befvermedkangairemen 1, 000
angstrons and 10, 000 angstrons, on which has been forned an etch-stop |ayer
(16), wArERORBegtrpras, &1 vehyiet hastbeen formerha Bxst Bietpstricdpyqr (s oxhicheowdl OK (nf g.
by Applied Materials Corp.), of thickness between 500 angstrons and 5, 000
angst r orbe a gayengfi HA:2 ohdeped S such ALSG os e bayeofl casben-dopéd silieinaxide ¢ mat eri al
(18), simlar to the first layer and on which has been formed an optional
cappi ng behes neBQ)silsequiciane oud Bydreofdow dietrctraf cofsthht@fow-khirgkinepstyhet ween 500
angstrons and 5,000 angstrons.. Fig. | 1 is a schematic cross-sectional

vi ew of audhrae FLARANEnfy Iy ADFedBidnanCorphasil kagnewyDpaidemi@ICcand), 8t £hed
according to either a trench first, via first or self- aligned schene. The

et chi ng RiECESHorsS bslymePduch |a§‘ﬁj?fﬁfo£e%%jil§és]§ﬁiio§£rbé o?}a@ei})ef‘anﬂ\é}]f‘s:hf‘g’otp% the

etching chem stry conprises one or nore of the foll ow ng: car bons

(eg. ' CFipoif Bty ofifE %fesgaﬁ%@g??d dik Mt %g%ﬁgﬁé;@gé&%@%ﬂﬁﬁg@r bons (eg.

CHF3), fluorosul ori ne, oxygen,

nitrogen anff&{rgﬁ’xg anci"}/(ﬁj,()&gﬁ&st?&gs, %H%h%&)rlpag Been formed an efch—stop layer (16},
which could be a layer of silicon carbide, SiN, SiON, or BLOK (mfe. by Applied
Materials Corp.), of thickness betWeen 500 angstroms and 5,000 angstroms, on which
has been formed a second layer of dielectric material (18), similar to the first layer and on
which has been formed an optional capping layer (20), which could be a layer of SiN of
thickness between 500 angstroms and 5,000 angstroms..

Fig. 11 is a schematic cross-sectional view of a trench and via formation

- that has been patterned and etched according to either a trench first, via first or self-
aligned scheme. The etching process consists of plasma-assisted dry etching whetein the
efching chemistry comprises one or more of the following: fluorocarbons (eg. CF,4, C4F),
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SFe),
thorine, hydrogen bromide, oxygen, nitrogen, argon, hydrogen and and carbon
monoxide, wherein the choice of chemistries is tailored appropriately to the nature of the
.different layers. The dashed lines (17) indicate the design parameters for the final copper

inlay, allowing for the thickness of the usual barrier layer. The solid vertical lines indicate
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nonoxi de, wherein the choice of chem stries is tailored appropriately to
the nature of the different layers. The dashed lines (17) indicate the
design paraneters for the final copper inlay, allowng for the thickness
of the usual barrier layer. The solid vertical lines indicate 16 25 August
2004 the actual etched surface di mensions which are required to-fulfill

t hose design paraneters. The trench is etched through tReAsgeit@aed cappi ng
| ayer (20) and the second dielectric layer (18), stopping at the etch-stop

| ayer (1§). The via is etgched.through to the, p jyation layer (12). Fig.
15775 & Beinaforthed shdeS bR ebiro PR RSaan | n Fi g, 11
subsequent to the formgtjon of a non-conductive barrier (26) by the plasm
enhancedparéWEWfscgqheGﬁgaTls B’Bﬁ‘iﬂ’tﬂ? theprtiops! caPPipsasPcED) ndibe sepbsi ti on
(PVD) of any of a class of carbon-based anorphous materials to a thickness
of bet wedisleetis layeg §1Dovieppingnt e ddostam lger @ik . Tisaiidisetahnd thronghdd thenor phous

materials can consist entirely of carbon (eg. dianond) or can conprise

car bon wpadsivetien leyerfd?le el ements fromthe Periodic Table that are neither
a nmetal or a conductor, exanples including but not restricted to silicon
car bi de, car bbig. h2 isra stbemdticuoreeastivnal el yihe Soraiatibn sisoviilibEFignd Tef | on,
boron carbide and boron carbon nitride . The deposition conformally covers

the wal | sutdbquehetotthefehatincht avion-cdadunEle basiel (26) P8 hlsmhkagmcal the _
capping layer. A further treatnent in a furnace or an apparatus for rapid

t her nal aﬁ@ﬁ@élivaﬁor(dgﬁ&ltid?ﬁtf’m)%qghﬁi‘?ﬂwaﬁ& Beposltn {EVB) By?\‘Bﬁdg%t hat the

car bon- based anorphous filmmay 'be etfected if necessary.

T S e R T
that of gﬁ)ﬁ)b Qﬁ'gstr\éﬁg.s gaiqicgllb%ﬁ- Elée a?n%?p%o%g %naterials can consist entirely of carbon
(eg. diamond) or can comprise carbon with one or more elements from the Periodic Table
that are neither a metal or a conductor, examples including but not restricted to silicon
- carbide, carbon nitride, fluorocarbon polymers such as PTFE and Teflon, boron carbide
and boron carbon nitride . The deposition conformally covers the walls of the trench and
via as well as the upper surface of the capping layer. A further treatment in a furnace or
an apparatus for rapid thermal annealing (RTA) between 200° C and 450° C to densify
the carbon-based amorphous film may be effected if necessary. Note that the barrier
properties and dielectric properties of carbon-based materials can be varied from that of
diamond, whose dielectric constant is k=5.7, to that of Teflon, whose diclectric constant
ranges between k=1.9 to 2.1, by varying the composition of the carbon or the material
microstructure.
Fig. 13 shows a schematic cross-sectional view of the fabrication in Fig. 12

subsequent to an anisotropic etch of the carbon-based layer to form a spacer layer (19).

17




ranges between k=1.9 to 2.1, by varying the conposition of the carbon or
the material mcrostructure. Fig. 13 shows a schematic cross-sectional
view of the fabrication in Fig. 12 subsequent to an anisotropic etch of

t he carbon-based | ayer to forma spacer layer (19). 17 25 August 2004 Said
ani sotropic etch consists of a plasnma-assisted etch whersi n the _etching
chem stry conprises one or nore of the follow ng: chlort pEUZBE e
trichloride, oxygen, hydrogen, nitrogen, formng gas (a m xture of

ni t rogensandy AYEGATENN coRNtk Jrﬂc?m?{sﬁga?ég%g@é S wg.gl%g} fit %f&g@ggg%/@% he

non-netal |1 arrier ayer I ona and

partially fromthe etch-st.o ayer (16 nd ssjvation | aye 12). The

car bon- bé%lg}a“seﬁg?? ?réporlea@QF%PQ?%Wﬁ‘sc(l“ﬂl)%?ntemorf?’g&lc?‘kéﬁew Pl ﬁ?‘grf’ &>t rench and
via to forma spacer |ayer, 19) .. The passjvatjon | ayer (12) is

subs equeﬁ’tt’iqﬁe‘étsf FHUEE 8% ?b%%‘é" QR%r%?HQP‘?EY%@gG%&HH@@PWFa‘{’Q%}i Theo). said
etch is a ﬁl asma assisted etch wherein the etching chem st ré conpri ses one
or nore 8FhiEBOVRSthegwnmpetaltic baristlayerdram the optipnal sappingsieyer (2®@nd

hydr ocar bons, argon and nitrogen. There is sonme penetration by the etch

i nt o t hepagiatylremche etpleniop lavee(16) mdpassdvasionlayeb 412)i Bre cadtog-taseda pr ot ecti ve
| ayer to prevent diffusion of the sputtered conductor and its oxides into
t he sur r bamigdi lngerdemhias bn ilesvertlenhwallsdofitise tereh hedraitite femasspace tdyeonal vi ew of
t he conpl eted interconnect, wherein a conducting inlay (22), such as a

- copper | (19y Thhpsssivessn bpsrTED ibubseqiepOsitthaano ekpose HeRREedNgs al | surfaces
of said trench and via formation and then covered by a capping and

passi vat ic&’fﬂubt%)’ﬁh?m(@@. - SahdletBle B HARGLasHEd efch S HRENAd 20 eQRERRLS Of this
enbodi nent, the final dual - |
comprises one or more of the following: fluorocarbons, fluorine-substituted
hydrocarbons, argon and nitrogen. There is some penetration by the etch into the
conductor, hence the non-conductive barrier acts as a protective layer to prevent diffusion
of the sputtered conductor and its oxides into the surrounding dielectrics.
Fig. 14 is a schematic cross-sectional view of the completed interconnect, wherein
-a conducting inlay (22), such as a copper inlay, has been formed by a deposition of
copper over all surfaces of said trench and via formation and then covered by a capping
and passivation layer (24).
In accordance with the method and objeéts of this embodiment, the final dual-
damascene interconnect for sub-0.15 micron microelectronics devices illustrated in
Fig. 13 can now accept a copper inlay directly, as illustrated in Fig. 14, without the prior

deposition of a metallic barrier layer, since the non-metallic barrier layer is able to

prevent the diffusion of copper into the surrounding dielectrics.

Third Preferred Embodiment
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damascene interconnect for sub-0.15 m cron m croel ectronics devices
illustrated in Fig. 13.can now accept a copper inlay directly, as
illustrated in Fig. 14, without the prior deposition of a nmetallic barrier
| ayer, since the non-netallic barrier layer is able to prevent the

di ffusion of copper into the surrounding dielectrics. Third Preferred
Enbodi ment 18 25 August 2004 A third preferred enbodi mentdd¥ugese0pt esent

i nvention teaches a novel plasma treatnent of the exposed surfaces of the
trench and via formations of a dual -damascene type conducting

i nterconnect, thereby achieving a fluorine out-diffusion barrier w thout

t he need for addi t.i onal .and space-consum ng.material |ayer. The method
of this enbo%nthgﬁpre%%%beg'qogg?wgaﬁﬁﬁ Presyd t“?"ieﬂﬁor’t t5aghpa Q%Y%Bg’élinﬁn of
figures, Fig. 15 Ehrough Fig. 20, together, with the description bel ow.

Ref er ri ngefiment ofithe gxngSedisyriagesof thejteench anghvia ferprtionsaf @ duplodamasessei on of a
m croel ectronics fabrication within which a dual-damascene type

i nt er confdetcopductipg Kuercorgepfetherebn ackiening ¢ Buorine wiodiffusivadaries wioet i ng | ayer
(10), which typically could be a copper |ayer of thickness between 2,000
angst r omthearedd i& ap @ddisinnal and sppce-oonswiningmatsrial flgyenetheampthed bitis on | ayer
(12), which typically could be a |layer of SiN of thickness between 500
angst r omemandintenO0A bangstaddyrefntheon thdductession bbfigmes, &id il § Sroughow k,
fluorinated dielectric layer (14), which could be a | ayer of FSG

f | uor i natrag 2pabydthérdeth tha aBcAPGMShddwior ocar bon, Paryl ene-F or PTFE
(Teflon), fornmed by chem cal vapor deposition (CVD) or spin coating to a

thickness . bet yeeride £0aRgS%! AR i@ Bbwhd: YA0maRNISL 8 R of a
microelectronics fabrication within which a dual-damascene type interconnect is to be
formed. The fabrication comprises a conducting layer (10), which typicaily could be a
copper layer of thickness between 2,000 angstroms and 15,000 angstroms, on which is
formed a passivation layer (12), which typically could be a layer of SiN of thickness
between 500 angstroms and 5,000 angstroms and on which is formed a first, low-k,
fluorinated dielectric layer (14), which could be a layer of FSG, fluorinated polyimide,
amorphous fluorocarbon, Parylene-F or PTFE (Teﬂon), formed by chemical vapor

~deposition (CVD) or spin coating to a thickness between 1,000 angstroms and 10,000
angstroms.

Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15 after a first
plasma treatment of the upper surface of the first dielectric layer (14) with a nitrogen,
hydrazine or NHj; plasma. Said plasma is formed in a chamber wherein a plasma can be
generated by an RF power source (13.56 MHz, 100 W-2,000 W) or a microwave source

(2.45 GHz, 100 W-2,000 W) at a pressure between 1 mTorr and 50 mTorr. The plasma
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Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15
after a first plasma treatnent of the upper surface of the first
dielectric layer (14) with a nitrogen, hydrazine or NH3 plasma. Said
plasma is formed in a chanber wherein a plasma can be generated by an RF
power source (13.56 MHz, 100 W2,000 W or a m crowave saurce 2. 45 GHz,
100 W2,000 W at a pressure between 1 mforr and 50 nior 5A¢Béﬁép%%na 19 25
August 2004 treatnent fornms a "pseudo-carbon nitride" |ayer (15), indicated

as a sha r.eod - 1S : reaction: CF
pol ynmer %g%%o%%%?&%%@%&lg l\{a&%gi?)’ %ﬁlf \7:’0Iq’§f1 ?f'aed;e&? n\’/%1g atile). In
the case_of NH3 oL hxgrazine Eﬂasnﬁ it is expected that hydrogen may be
incorporgp'H”FﬁﬁgiFﬁe3mB§@ﬁag-e5§P & nitride” | ayer, possibly as a CGNH
type polynmer or a a GHN type polymer or as a mxture of both. Fig. 17 is
a schematic cross-sectional view of the fabrication in Fig. 16 subsequent
-to the formation of an etch-stop layer (16), which HigicaLl could be a

| ayer of C-Spalyme; H(¥r OIQEICI)(OI(WP@S) —bﬁl'hbﬂﬁﬁe@ﬂm@ﬂieépl (®elepile). deposited by
C/D't o a thickness of between 50 angstrons and 5,000 angstrons on the
first dielectric layer, followed by the formation of a second | owk
fluorinated dielectric layer (18), simlar to the first such |ayer, on

sai d et cln tieopsel P& or hiyérasiat glasthaHt Steepeckelyibat hgdiokeh hag beticopoiatdal i f t he
inter- level dielectric capacitance needs to be reduced. Fig. 18 is a

schemat i ent6 EeS'Pscud6 dagbvadl nitvideWapér, phrsiblyadird CALHAPpeXolfthéror b4 C-BURSEqUENt tO
a N2, hydrazine or NH3 plasma treatnent (as described above) of the

surface @fpelpbfni@ePRch BMK ofibsthectric layer (18), to forma "pseudo-carbon
nitride" Tayer

Fig. 17 is a schematic cross-sectional view of the fabrication in Fig, 16
subsequent to the formation of an etch-stop layer (16), which typically could be a layer of
SiN, SiO or BLOK (mfg. by Applied Materials Corp.) deposited by CVD foa thickness
of between 50 angstroms and 5,000 angstroms on the first dielectric layer, followed by
the formation of a second low-k fluorinated dielectric layer (18), similar to the first such
layer, on said etch-stop layer. The said etch-stop layer could become optional if the inter-
level dielectric capacitahce needs to be reduced.

Fig. 18 is a schematic cross-sectional view of the fabrication of Fig. 17
subsequent to a N», hydrazine or NH; plasma treatment (as described above) of the
surface of the second low-k dielectric layer (18), to form a "pseudo-carbon nitride" layer
(30), indicated as a shaded region on the upper surface of said dielectric layer.

Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18,

_subsequent to the formation of an optional capping layer (20), which typically could be a

layer of SiN of thickness between 500 angstroms and 5,000 angstroms and the patterning

and etching of a dual-damascene trench (22) and via (24) formation. The passivation
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(30), indicated as a shaded region on the upper surface of said dielectric
layer. Fig. 19 is a schematic cross-sectional view of the fabrication in
Fig. 18, subsequent to the formation of an optional capping |ayer (20),
which typically could be a layer of SiN of thickness between 500 angstrons
and 5,000 angstrons and the patterning and etching of a 9K§I-d?n§€cene
trench (22) and via (24) formation. The passivation 20 28 §W§ "ooa | ayer
(12) has been renoved by the etch, opening the via to the underlying
conduct i j ot ' -sectional
vi ew of t gr d&%ﬁ%&%ﬁ%@éﬁ?% %‘%r?tactﬁi %rf & % tﬁ?gﬁ%@%ﬁ@%@gﬁéﬁnﬁ{t@&gn i sotropic
and aniSPtEP@bf N2, NH3, or hydrazine plasnma treatnent. A "pseudo-carbon
nitride"EWay r'"has now been forned on the vertical exposed surfaces (31).
In accord with the obj.ects and. nethods of this .enbqadi nen this final

dual - dammscenbne s 2P b anSHER o S ALV S SR Ot SRt | v

w thout _priqgr faormation of a netallic barrier layer, by the deposition of
copper of®magen indig 19 sghsegpent o3nisotropicandanisorppic Nor Hs- B AYLAZES shown) or,
as in the conventional art, first accept a netallic barrier layer followed
by a copplapmp Feajyentash {'peeudeeenranguiide lagenhes sow bewi formed dmthelvertigak | t he
preferred enbodi nents of the present invention are illustrative of the
present exposed sufacesaB herln abnd tyéh tlep dbjevist and gnadfiods o€ thiperelselimentthisnt | on.
Revi si ons and nodifications may be nade to nethods, processes, nmaterials,
st ruct ur Gaalalwdl-dHintB oS OyR Hiniaisg kanhow Bedept 4 coppedinRy diratihd anhseene type of
conducting interconnect that is inperneable to fluorine out-diffusion and

copper Ogtior fkhitibni oFA nddislli€ Biiried 18y QIS Bk abisitRe o2 ol HRALI shiadesed in the
sub-0.15 m cron

said trench and via formation (not shown) or, as in the conventional art, first accept a

metallic barrier layer followed by a copper inlay.

As is understood by a person skilled in the art, the preferred embodiments of the
present invention are illustrative of the present invention rather than being limiting of the
present invention. Revisions and modifications may be made to methods, processes,
materials, structures and dimensions through which is formed a dual-damascene type of
conducting interconnect that is impemeable to fluorine out-diffusion and copper out-
diffusion and can, in one preferred embodiment, be used in the sub-0.15 micron
generation of microelectronics fabrications in accord with the preferred embodiments of
the present invention, while still providing a dual-damascene type of conducting
interconnect that is impermeable to fluorine out-diffusion and coppér out-diffusion and
can, in one emBodiment, be used in the sub-0.15 micron generation of microclectronics

fabrications formed in accord with the present invention, as defined by the appended

claims.
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generation of mcroelectronics fabrications in accord wwth the preferred
enbodi nents of the present invention, while still providing a

dual - damascene type of conducting interconnect that is inperneable to
fluorine out-diffusion and copper out-diffusion and can, in one

enbodi ment, be used in the sub-0.15 m cron generation of m croelectronics
fabrications fornmed in accord with the present i nvent i on2> A2 EP0kd by the
appended clains. 21 25 August 2004 What is clainmed is: 1. A nethod for

form ng a dua ' . 1ype conducting interconnect within a
. 9 ﬁg%%ﬁﬁ&?. cti col
m croel ectroni ¢s fabrication, conprising: providing a | ayered structure

such as is used in a mcroelectronics fabrication, said structure
conprising a conducting |layer, on which has been forned a passivating
| ayer, on mhigh has. been forqﬁp first dielectrjc . layer, on_which has been
formed ah et CHESRUPIOF Hy@ine ppalffRfsomesy B dpgingdeteiconsebiifhigidel ect ri ¢
|.ayer and _on which has been fornmed a capping |ayer; patterning and etching
a t r enchmigieelgqteonios fabgicaiion, eomaprisgses t hrough sai d capping |ayer, said '
second dielectric layer, said etch-stop layer and said first dielectric
| ayer and expwonding & hoewtpiruttoresadhdasgagsedvm e imigrotlagtemicstighrivation, a
non-netallic layer of fluorine diffusion resistant material over al
sur f acessad sis@itute torepridingamconduatifedayeaf orowhish bl Hebaforsail d pasihvateg al | i c | ayer
conformal |y covers said surfaces; etching away portions of said
‘non- et aldyki oh aYheth Hab bédnUermdien st diblsEeio 14v88 iofi vihddh has been formed an
etch-stop layer, on which has been formed a second dielectric layer and on which has
been formed a capping layer;
patterning and etching a trench and via structure that passes through said capping
 layer, said second dielectric layer, said etch-stop layer and said first diclectric layer and
extends, thereby, to said passivating layer;
forming a non-metallic layer of fluorine diffusion resistant material over all
surfaces of said trench and via formation such that said non-metallic layer conformally
- covers said surfaces;
etching away portions of said non-metallic layer of fluorine diffusion resisitant
material to form a fluorine diffusion resistant barrier "spacer” over the side-walls of said
french and via formation;
etching away the exposed portion of said passivation layer to expose the
conducting layer;
forming a metallic barrier layer over all surfaces of said trench and via formation

such that said metallic barrier layer conformally covers said surfaces;

depositing copper over all surfaces of said trench and via formation.
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material to forma fluorine diffusion resistant barrier "spacer" over the
side-walls of said .trench and via formation; etching away the exposed
portion of said passivation |layer to expose the conducting |ayer; formng
a nmetallic barrier layer over all surfaces of said trench and via fornation
such that said netallic barrier |ayer conformally covers said surfaces;
deposi ting copper over all surfaces of said trench and viaAuges#dfPdbn. 22 25
August 2004 2. The nethod of claim1l wherein the conducting |layer is a
~copper (Cu) layer of thickness between 2,000 angstronms and 15, 000
angstronms. 3. The nethod of claim1l wherein the conducting |ayer is
conprised of one or nore of the materials selected fromthe group

consi sting of alum num copper alloy, tungsten, titaniumand titanium oxide
and has a thickness between_ 2,000 angstrons and 15,000 angstrons. 4. The
met hod of- cl ail ¢ melhrd PEFIAIM havhgreisihe sendugtingkuger is & ceppsr ((Flgéwehpii ride (SiN)

| ayer of thickness between 50 angstrons and 5, 000 angstrons. 5. The net hod
of cl ai mitickgrgsrheiween2000iangstrogiseind d 6,008 ahgsyremsi s a | ayer of fl uori nat ed
dielectric material of low dielectric constant (rowk). 6. The nethod of
claim5 wherein the |ayer of fluorinated dielectric material is selected
fromthe group consisting of FSG Teflon, Paryl ene-F, anorphous

fl uorocasgbon Th&ithethodof tlaini &avhpediyihgcoigiuenith la§erliOEarBstide® oBotdirGkdess
bet ween 1, 000 angstrons and 10,000 angstrons.
of the materials selected from the group consisting of aluminum-copper alloy, tungsten,

titanium and titanium oxide and has a thickness between 2,000 angstroms and

15,000 angstroms.

4, The method of claim 1 wherein the passivating layer is a silicon nitride (SiN)

layer of thickness between 50 angstroms and 5,000 angstroms.

5. The method of claim 1 wherein the first dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

6. The method of claim 5 wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.

7. The method of claim 1 wherein the etch-stop layer is a layer of SiN of thickness

between 50 angstroms and 5,000 angstroms.
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7. The nmethod of claiml1 wherein the etch-stop layer is a |layer of SiN of
t hi ckness between 50 angstrons and 5,000 angstrons. 23 25 August 2004 8.
The nethod of- claim| wherein the second dielectric layer is a |ayer of
fluorinated dielectric material of |low dielectric constant (lowk). 9. The
met hod of claim8 wherein the layer of fluorinated dielectric material is
sel ected fromthe group consisting of FSG Teflon, Paryl @héuBustaRest phous
fluorocarbon and fluorinated polyimde and is formed to a thickness
_between 1,000 angstrons and 10,000 angstrons. 10. The nethod of claim1l
wherein the capping | ayer is a SiN Iayer formed to a thickness between 50
angstro and E %gg gstrons met hod of claim 1 wherein the trench
mat Porethed g

and vi a tlpim hé‘@]‘eﬁﬁhthe é‘EC@H‘é gielssiricdayer 'Esrae]i%f‘ﬁ of flugginated 5 second
met hod, sald trench haV|n&§a range of widths between 0.25 microns and 2.0

nmi crons gistecyisimateiial of ko diglestric sprpgant flowrldt hs between 0.15 nicrons and 0.4
m crons. 12. The nethod of claim 11 wherein the etch is a plasma assisted
etch wherein the etching chem stry conprises one or nore of the gases
selected fromthe group consisting of. fluorocarbon(s),

fl uori ne9subsTh¢ methdd oy daime & mthorefrsthe Idveriof fhewinfted dictdotrizrmaterial by dr ogen

brom de, oxygen, nitrogen, argon, hydrogen and carbon nonoxi de. 24 25

August 2684ctdBtrorhitiee grotechsBIinEoEHIG, B! BiryleddlB, dnioepifis ANGroirBod Or mat i on
is patterned and
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.

10.  The method of claim 1 wherein the capping layer is a SiN layer formed to a

thickness between 50 angstroms and 5,000 angstroms.

11.  The method of claim 1 wherein the trench and via formation is patterned and
‘etched using a trench first, via second method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

12. The method of claim 11 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.
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etched using a via first, trench second nethod, said trench having a range
of widths between 0.25 nmicrons and 2.0 microns and said via having a range
of widths between 0.15 microns and 0.4 mcrons. 14. The method of claim 13
wherein the etch is a plasna assisted etch wherein the etching chem stry

conprises one or nore of the gases selected fromthe groug consisting of

f1 uorocarbon(s), fluorine-substituted hydrocarbon(s), fl derewustiZips

chl orine, hydrogen brom de, oxygen, nitrogen, argon, hydrogen and carbon

Tonoxi de13 15 DGeEBPGa1 1 Gl he BSEL B ALLEACh A fafor el on s

;
patterned and using a selt align

trench having a ran f. wdths  be en.0.25 mcrons and_2,0 m crons and
sai d Vi ae'i‘fh?fﬁ‘féngaa Y‘g%‘é%’ tch pesPpd mg V\ale% tr _c&?aw%?%e 833“8*.‘34 m crons.

16. The pethod of claim 15 wherein the etch is a plasm assisted etch

wher ei n Pﬁ@“ee%g'gﬁpﬁﬁm%@rﬁ%? pyereRAdisaid vighaying a ippgeoloidihsdelyeses sel ect ed
fromthe group consisting of. fluorocarbon(s), fluorine-substituted
hydrocar93ﬁ€%¥¥mfﬁ%bQ6§MF$M$, chl orine, hydrogen bronide, oxygen,

nitrogen, argon, hydrogen and carbon nonoxide. 17. The nethod of claim1l
wherein the non-netallic |layer of fluorine diffusion resistant material is
a layer of fluorine diffusion resistant naterial selected fromthe group
consi sti ng. of Theimkihodof claibil 8l ehetetr theetoh iy d plasmLasivrd etthtwheeldn tHeor on car bon
nitride and boron carbide, said | ayer being forned by chem cal vapor

deposi ti erhidg REmAg uslhglz&%ne( Mre%t}&f%&s%éiecfé@%ﬁl e pR%b thiktihfVD) to a
t hi ckness of between 500 angstrons and , 000 angstrons.
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

15.  The method of claim I wherein the trench and via formation is patterned and
etched using a self alignment (buried via) method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

16,  The method of claim 15 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

17.  The method of claim 1 wherein the non-metallic layer of fluorine diffusion
resistant material is a layer of fluorine diffusion resistant material selected from the group
consisting of’ silicon carbide, boron nitride, carbon nitride, boron carbon nitride and

boron carbide, said layer being formed by chemical vapor deposition
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18. The method of claim 1l wherein the non-netallic layer of fluorine
diffusion resistant material is etched wwth a plasnma assisted etch wherein
the etching chem stry conprises one or nore of the gases selected fromthe
group consisting of: chlorine, boron trichloride, oxygen, hydrogen,
nitrogen, formng gas (a m xture of hydrogen and nitrogen)

fl uorocarbon(s), fluorine-substituted hydrocarbon(s) andz%ﬁt}&ﬁtz(i@. The

met hod of claiml wherein the passivation layer is etched with a plasm

i d wher.ei h hi 1 St. i f th
e o ST DT RS RERSR gl O he

f 1 uori nes sobaigstrothed hydrocarbon(s), hydrocarbon(s), oxygen, nitrogen and
argon. 20. The nethod of claim1 wherein the netallic barrier layer is a
‘layer of material selected fromthe group consisting of: tantalum (Ta),
tantalumnitride (TaN), netal - silicon-nitride, titaniumnitride (TiN) and
t ungst enlhi t r Thpametipg of daipngl whorem theiner-mesgllie nyen of thioring ditiveios bet ween 50
angstrons and 2,000 angstrons. 26 NON- CONDUCTI VE BARRI ER FORVATI ONS FOR
COPPER DiMASOENE e PEcttNTEREONNESTS2 A BRTRNOTWHErern themtching chicorigiiyng

dual - damascene type conducting interconnects with non- netallic barriers

t hat pr ot@gjiriseaok drnhere odthegates séieaed fromahd grou vinsdtiig of ichlorihie, boron
surrounding lowk, fluorinated dielectric materials. One enbodi ment of the

et hod i fichlRaidt, dxybeéd, hydrogdrt Bitroben, f&aiing 5@ (8wt vy eRRaesid in
m croel ectronics ftabrications of the sub 0.15 m cron generation.

nitrogen) fluorocarbon(s), fluorine-substituted hydrocarbon(s) and argon.

19.  The method of claim | wherein the passivation layer is etched with a plasma
assisted etch wherein the etching chemistry comprises one or more of the gases selected
from the group consisting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s),

“hydrocarbon(s), oxygen, nitrogen and argon.

20.  The method of claim 1 wherein the metallic barrier layer is a layer of material
selected from the group consisting of: tantalum (Ta), tantalum nitride (TaN), metal-
silicon-nitride, titanium nitride (TiN) and tungsten nitride (WN), said layer being formed

- to a thickness between 50 angstroms and 2,000 angstroms.
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Figure 8

25 August 2004

NON-CONDUCTIVE BARRIER FORMATIONS FOR COPPER DAMASCENE

TYPE INTERCONNECTS

ABSTRACT

- A method for forming dual-damascene type conducting interconnects with non-

metallic barriers that protect said interconnects from fluorine out-diffusion from

surrounding low-k, fluorinated dielectric materials. One embodiment of the method is

particularly suited for forming such interconnects in microelectronics fabrications of the

sub 0.15 micron generation.

* Figure 8
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